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© Cells and the like (12), such as granular cells, 
granular microorganisms and gel beads which em - 
brace cells or microorganisms, are arranged on a 
support member (10, 10', 10") in a single layer. A 
detector (15) detects each optical property of the 
cells and the like (12), and detectors (25, 26) detect 
each position of the cells and the like (12) with 
respect to the structure (10, 10'. 10 M ). Data obtained 
by the detectors (15, 25, 26) are stored in a memory 
device (21). According to the stored data, a control 
device (20) moves a pickup member (33) relatively 
in the three dimensional directions with respect to 
the support member (10, 10', 10"). The pickup • 
member (33) picks up any of the cells arfctthe like 
(12) which has a specific optical property via an 
adhesive (40). Each of the specific cells and the like 
(12) which adheres to the pickup member (33) is 
releasable from the pickup member (33). 
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FIELD OF THE INVENTION 

The present invention relates to a selecting 
device suitable for selecting cells and the like. 
Each of the cells and the like is, for example, cells s 
clumped like a granule, microorganisms clumped 
like a granule and a gel bead which embraces cells 
or microorganisms by a carrier such as alginic 
acid, chitin or agar - agar. 

to 

DESCRIPTION OF THE RELATED ART 

For example, in a process of forming a 
hybridoma which produces monoclonal antibodies, 
many droplets are formed from a culture medium 75 
such as alginic acid which embraces cells. The 
droplets are dropped into calcium chloride solution 
to form many gel beads. The cells are cultured in 
the gel beads, and then any of the gel beads which 
embrace cells producing monoclonal antibodies are 20 
selected from among all gel beads. 

Since the ratio of the gel beads which embrace 
cells producing monoclonal antibodies to all gel 
beads is as low as 1%, it is demanded to select 
the specific gel beads in an automatic, rapid and 25 
reliable manner. 

In case of getting microorganisms having 
specific property, since gel beads which embrace 
microorganisms are formed by the similar process 
as above, it is also demanded to select the specific 30 
gel beads from among all gel beads in the same 
way. 

In case cells or microorganisms are cultured in 
a normal culture medium unlike gel beads, they are 
usually clumped and formed into many granules. 35 
Thus, it is demanded to select the specific granular 
cells or granular microorganisms from among all ( 
granular cells or granular microorganisms in the. 
same way. 

The objective cells and the like are identified 40 
by an optical property of cells themselves, _an op- i 
\tical property of micro organisms them^ejy^s^ox-an, S 
l o&tjcai pro perty ot substance which was secreted 
from cells or microorganisms. For example, by 
acldirigT W6rescent"ageru combined with a sub- 45 
stance which can combine with monoclonal anti- 
bodies to the culture medium, luminous granular 
cells producing monoclonal antibodies or gel beads 
which embrace luminous cells producing mon- 
oclone antibodies can be identified under dark field 50 
of a microscope. Also, granular microorganisms 
having a specific color or gel beads of which color 
changes by multiplication of microorganisms em - 
braced in them can be identified under light field of 
a microscope. 55 

After above identification step, the identified 
cells and the like are picked up by a needle 
piercing them or are sucked by a glass tube in a 



liquid. 

In the past, above selecting process is per- 
formed almost manually, and thus it is a time 
consuming and labor intensive operation. 

Besides, a gel bead is a minute sphere of 
which diameter usually ranges from about 0.1 mm 
to 5 mm, and cells clumped like a granule or 
microorganisms clumped like a granule has a 
shape of substantially sphere of which diameter is 
smaller than that of gel bead. Thus, in case of 
piercing the cells and the like by the needle, the 
cells and the like attempt to slip away from the 
needle. Namely the piercing operation is difficult 
Even if the cells and the like are pierced, they soon 
fall off the needle. 

Besides, in case of sucking objective ceils and 
the like by the glass tube, unnecessary celts and 
the like adjacent to the objective ones are^sucked 
together 

IT is an object of the present invention to pro - 
vide a selecting device for cells and the like, which 
can solve the above problems. 

SUMMARY OF THE INVENTION 

The selecting device for the cells and the like 
according to the present invention comprises a 
support member capable of arranging the cells and 
the like thereon in a single layer, means for de- 
tecting each position of the cells and the like with 
respect to the support member, each position of 
the cells and the like with respect to the support 
member being determined by two dimensional 
coordinates, means for detecting each optical 
property of the cells and the like arranged on the 
support member, a memory device for storing data 
corresponding to the positions and the optical 
properties of the cells and the like, a pickup 
member capable of picking up each of the cells 
and the like arranged on the support member via 
an adhesive, a driving means for moving the pic - 
kup member relatively in the three dimensional 
directions with respect to the support member, a 
control device for controlling the driving device in 
accordance with the stored data so that the pickup 
member can pick up any of the cells and the like 
which has a specific optical property, and means 
for releasing each of the specific cells and the like 
which adheres to the pickup member from the 
pickup member. 

According to the present invention, by arrang - 
ing the cells and the like in a single layer on the 
support member, each position of the cells and the 
like is fixed on a plane defined by the two dimen - 
sional coordinates. Namely, each position of the 
cells and the like with respect to the support 
member can be determined by the abscissa and 
ordinate. And each optical property of the cells and 
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the like arranged on the support member can be 
correlated to each position of the cells and the like. 
The data corresponding to the positions -and the 
optical properties of the cells and the like are 
stored in the memory device. In accordance with 
the stored data, the control device controls the 
driving means so that the pickup member moves 
relatively in the three dimensional directions with 
respect to the support member. Thereby the pic - 
kup member can pick up any of the cells and the 
like which has a specific optical property via the 
adhesive. Then, the pickup member is transferred 
above a container such as a micro well, and each 
of the specific cells and the like which adheres to 
the pickup member is released from the pickup 
member. Therefore, the selecting device according 
to the present invention can select the specific 
cells and the like in a rapid and reliable manner, 
and can contribute to automating of the selecting 
operation. 

Preferably, each of the cells and the like is 
cells clumped like a granule, microorganisms 
clumped like a granule or a gel bead embracing 
cells or microorganisms. Preferably, the support 
member is a mesh, a structure having plural 
grooves or a structure having plural dimples. Pref - 
erably, the pickup member is a capillary through 
which a current of gas is blown so that each of the 
specific cells and the like which adheres to the 
capillary is released from the capillary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is a view showing the construction of the 
selecting device of the embodiment according 
to the present invention; 

Fig.2 is a plan view showing a transparent con - 
tainer of the embodiment according to the 
present invention; 

Fig.3 is a cross - sectional view showing a 
transparent container of the embodiment ac- 
cording to the present invention; 
Fig.4 illustrates the operation of the embodiment 
according to the present invention; 
Fig.5 illustrates the mesh of the embodiment 
according to the present invention; 
Fig.6 illustrates the operation of the embodiment 
according to the present invention; 
Fig. 7 illustrates a modified support member; and 
Rg.8 illustrates another modified support mem - 
ber. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the drawings, the embodiments of 
the present invention are described. 



As shown in Fig.1, a selecting device 1 is 
mounted on an optical microscope 2. The selecting 
device 1 has a first support frame 6 on which a 
transparent container 3 for containing cells and the 
s like, a container 4 for containing adhesive and a 
container 5 including plural micro wells are moun - 
ted. The first support frame 6 is movable on a rail 8 
fitted to a second support frame 7. The rail 8 
guides the first frame 6 into a substantially hori - 
w zontal direction (X-axis direction) perpendicular to 
the page on which Rg.t is drawn. The second 
support frame 7 is movable on a rail 9 fitted to the 
microscope 2. The rail 9 guides the second frame 
7 into a substantially horizontal direction (Y-axis 
is direction) perpendicular to the X - axis direction. 

As shown in Fig.2 and Fig.3, the top end of the 
transparent container 3 is open. A mesh 10 is 
mounted on the inner bottom of the container 3 as 
a support member. A drain hole 1 1 is provided on 
20 the side wall of the container 3. A suspension 13 
including cells and the like 12 is introduced into the 
container 3 tilted from a horizontal plane as shown 
in Fig.4 through an inlet duct 14, then the liquid 
component of the suspension 1 3 is drained through 
25 the drain hole 1 1 . Then the container is mounted 
on the first support frame 6. Thus the cells and the 
like 12 are arranged on the mesh 10 along the X- 
axis and Y-axis. As shown in Fig.5. the size of 
each opening 10a of the mesh 10 is set smaller 
30 than the size of each of the cells and the like 12 so 
that the cells and the like 12 are arranged in a 
single layer. As long as the cells and the like 12 
are arranged, the size of each opening 10a may be 
slightly greater than the size of each of the cells 
as and the like 12. In case each of the cells and the 
like 12 is a gel bead which embraces cells or 
microorganisms, each diameter of the gel beads 
usually ranges from about 0.1 mm to 5 mm. In 
case each of the cells and the like 12 is ; cells 
40 clumped like a granule or microorganisms clumped 
-like a granule, each diameter of them is smaller 
than the diameter of a normal gel bead. Therefore 
the size of each opening 10a is determined de- 
pending on the diameters of the cells and the like 
45 12. Preferably, the atmosphere surrounding the 
container 3 is a humidified one in order to enhance 
the survival rate of cells and microorganisms. 

Any of the cells and the like 12 have^^pecifjc 
optical property** based -. -on.^eir?^owj3j)^^a^y.' or 
so based on ..substance, secreted -%m r them. For ex - 
ample, by* adding r a fluorescent agent rc.qmbineck 
with a substance which can ^combine with mon- 
oclonal antibodies to a culture medium" for the 
cells, granular cells producing monoclonal anti- 
55 bodies or gel beads which embrace cells produc - 
ing monoclonal antibodies emit fluorescence under 
the dark field. In case granular celts or granular 
microorganisms have a specific color, by lighting 
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the cells and the like 12, the reflective rate of the 
light of which wavelength agrees with the specific 
color increases. In case cells or microorganisms- 
are achromatic, the lightness of the gel beads 12 
which embrace the cells or microorganisms 
changes by multiplication of cells or microorgan- 
isms under the light field. 

To detect each optical property of the cells and 
the like 12, an image pickup device 15 having an 
image sensor and a lens system is disposed below 
the container 3. An automatic focusing device 16 
which is used to focus the image of each of the 
cells and the like 12 on the image pickup device 15 
is provided. The automatic focusing device 16 is 
useful in case each diameter of the cells and the 
like 12 or the thickness of the mesh 10 is not 
uniform. The automatic focusing device 16 has a 
distance sensor 16a measuring the distance to 
each of the cells and the like 12 and a moving 
device 16b moving the lens system. The distance 
sensor 16a and the moving device 16b are con- 
nected to a microcomputer (controller) 20 which is 
described later. The microcomputer 20 generates a 
signal according to the distance measured by the 
distance sensor 16a, and the moving device 16b 
moves the lens system according to the signal 
from the microcomputer 20 to focus the image of 
each of the cells and the like 12 on the image 
pickup device 1 5. In case each of the cells and the 
like 12 has an optical property of fluorescence, 
image data corresponding to the intensity of the 
fluorescence are obtained by picking up the image 
of each of the cells and the like 12 under the dark 
field. In case each of the cells and the like 12 has a 
specific color or a specific lightness, image data 
corresponding to the color or the lightness are 
obtained by picking up the image of each of the 
cells and the like 12 under the light field. 

Each optical property of the cells and the like 
12 is stored in a memory device 21 of the micro- 
computer 20. To be more precise, the microcom - 
puter 20 comprises the memory device 21, a cen- 
tral processor unit 22 and an input/output interface 
unit 23. The image pickup device 15 is connected 
to the input/output interface unit 23 via an analog - 
to -digital (A-D) converter which digitizes the 
image data corresponding to the optical properties 
of the cells and the like 12. The memory device 21 
has memory areas. Each position of the cells and 
the like 12 with respect to the mesh 10 can be 
correlated to any of the memory areas. Each po - 
sition of the cells and the like 12 with respect to 
the mesh 10 is determined by the abscissa and 
ordinate. Each coordinates of the cells and the like 
12 are detected by sensors 25, 26 as described 
later, and the coordinate data are input to the 
microcomputer 20. Thereby the digitized image 
data of the cells and the like 12 are stored in the 



memory areas corresponding to the coordinates of 
the cells and the like 12. 

A support member 32 is fitted to the micro- 
scope 2 via a rail 31. The rail 31 guides the 
5 support member 32 into a substantially vertical 
direction (Z-axis direction) perpendicular to the 
X-axis and Y-axis directions. The support 
member 32 supports a capillary (pickup member) 
33 which is connected to a high - pressure air 
io source 36 via an electromagnetic valve 35. A driv - 
ing device 39 of the electromagnetic valve 35 is 
connected to the microcomputer 20. The capillary 
33 is movable relatively along the X-axis. Y-axis 
and Z-axis with respect to the mesh 10. Thus, the 
is capillary 33 can contact a adhesive 40 inside the 
container 4, and can pick up each of the cells and 
the like 12 arranged on the mesh 10 via the adhe- 
sive 40, and can be located above any of micro 
wells inside the container 5. As the adhesive 40 a 
20 viscous material which is physiologically less toxic, 
such as starch adhesive, is preferred. 

Driving means are provided to move the 
capillary 33 relatively along the X-axis, Y-axis 
and Z-axis directions with respect to the mesh 10. 
25 To be more precise, the driving means have a 
driving device 37 for moving the first support frame 
6 in the X-axis direction with respect to the rail 8, 
a driving device 38 for moving the second support 
frame 7 in the Y-axis direction with respect to the 
30 rail 9 and a driving device 34 for moving the 
support member 32 in the Z-axis direction with 
respect to the rail 31. For example, each of the 
driving devices 34, 37, 38 may have a rack, a 
pinion meshed with the rack, a motor for driving 
35 the pinion and a driving circuit for the motor, 
whereby each rack may be fitted to the rails 8, 9, 
31 and the motor may be fitted to the movable 
members 6, 7, 32. In case each of the cells and the 
like 12 is cells clumped like a minute granule or 
40 microorganisms clumped like a minute granule, it is 
desirable to adopt a piezoelectric actuator having a 
high resolution positioning capability as the driving 
devices 34, 37, 38. The piezoelectric actuator may 
have piezoelectric elements fitted to the rails 8, 9. 
45 31, and the, movable members 6, 7, 32 may be 
moved in response to the displacements of the 
piezoelectric elements. Each driving device 34, 37, 
38 is connected to the microcomputer 20 so as to 
be controlled by the microcomputer 20. 
50 A sensor 25 for measuring the travel of the first 
support frame 6 in the X-axis direction with re- 
spect to the first rail 8, a sensor 26 for measuring 
the travel of the second support frame 7 in the Y- 
axis direction with respect to the second rail 9 and 
55 a sensor 41 for measuring the travel of the support 
member 32 in the Z-axis direction with respect to 
the rail 31 are provided. Each of the sensors 25, 
26, 41, for example, may measure the travel by 
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detecting the number of revolutions of each pinion 
of the driving devices 34, 37, 38, Each of the 
sensors 25, 26, 41 may measure the travel by 
detecting the fluctuations of the electric field acting 
on the piezoelectric elements of the driving devices s 
34, 37, 38. The sensors 25, 26 are respectively 
connected to the microcomputer 20 so that each 
abscissa and each ordinate of the cells and the like 
12 arranged on the mesh 10 can be determined by 
the signals fed from the sensor 25, 26. The sensor w 
41 is connected to the microcomputer so that the 
coordinate of the capillary 33 with respect to the 
cells and the like 12 along the Z-axis can be 
determined by the signal fed from the sensor 41. 
The origin of the X - axis. Y - axis and Z - axis may 75 
be set anywhere on the mesh 10. 

The selecting device 1 constructed as above is 
controlled by the microcomputer 20 as below ac - 
cording to the sequence of the control program 
stored in the memory device 21 . 20 

In the first place, one of the cells and the like 
12 arranged on the mesh 10 is picked up by the 
image pickup device 15 to detect the optical 
property of it (1 2) via the automatic focusing device 
16. The abscissa and the ordinate of it (12) are 25 
determined by the signals fed from the sensors 25, 
26. The image data in accordance with the optical 
property of it (12) are fed to the memory device 21 
and stored in the memory area corresponding to 
the coordinates of it (12). 3Q 

In the next place, by the movements of the 
support frames 6, 7, another one of the cells and 
the like 12 is positioned on the focal point of the 
image pickup device 15, and the same process as 
above is repeated. 35 

By the repetition of above process, the optical 
data corresponding to the properties of all of the 
cells and the like 12 arranged on the mesh 10 are 
stored in the memory device 21 together with the 
coordinate data corresponding to the coordinates of 40 
all of them (12). 

In the next place, the support frames 6, 7 are 
moved so that the adhesive container 4 is located 
below the capillary 33 as shown in Rg.6(1), and 
then, the support member 32 is moved so that the 45 
adhesive 40 sticks to the bottom end of the capil- 
lary 33 as shown in Fig.6(2), Fig .6(3). Then the 
support frames 6, 7 are moved so that the capillary 
33 is located above one of the cells and the like 12 
which has a specific optical property as shown in so 
Fig.6(4). For example, in case the cells and the like 
12 emit fluorescence, the capillary 33 is located 
above any of the cells and the like 12 of which 
intensity of the fluorescence is beyond a certairr 
threshold level. Then the support member 32 Is 55 
moved so that the capillary 32 picks up the one of 
the cells and the like 12 via the adhesive 40 as 
shown in Fig.6(5). Fig .6(6). Then the support 



frames 6, 7 are moved so that one of the micro 
wells 42 in the container 5 is located under the 
capillary 33 as shown in Fig.6(7). Then a signal for 
opening the valve 35 is fed to the driving device 39 
so that a current of compressed air is blown 
through the capillary 33 (illustrated by the arrow in 
Rg.6(8)). Thereby, the one of the cells and the like 
12 which adheres to the capillary 33 is released, 
and it (12) is received by the micro well 42 as 
shown in Fig.6(9). The micro well 42 contain a 
buffer solution 43. In case the pressure of the 
compressed air blown through the capillary 33 is 
not so high or in case each of the cell and the like 
12 is gel bead of which hardness is high, the buffer 
solution 43 is not necessary. By repeating the 
above process illustrated by Fig.6(1) - (9), any of 
cells and the like 12 which have the objective 
optical property are respectively received by the 
micro wells 42. 

By the above process, -cells or microorganisms 
having a specific useful substance can be obtained. 

The present invention is not limited to the- 
above embodiment. For example, while in the 
above embodiment the support member is a mesh 
10, alternatively, a support member may be a 
structure 10' having plural grooves 10a' on which- 
the cells and the like 12 are arranged as. shown in 
Fig. 7. Alternatively, a support member may be a 
structure 10 M having plural dimples 10a M on which 
the cells and the like 12 are arranged as shown in 
Fig. 8. As an alternative to the use of the image 
pickup device 15, a manual operation switch 30 
connected to the interface unit 23 may be used. To 
be more precise, when an operator who observes 
the cells and the like 12 via the microscope 2 
recognizes an objective optical property, the oper - 
ator inputs a sensing signal to the microcomputer 
20 by means of the switch 30. The sensing signal 
is stored as data corresponding to the objective 
optical property in the memory area corresponding 
to the coordinates of the recognized one of the 
cells and the like 12. Further, when any abnormal 
one of the cells and the like 12 is found via the 
microscope 2, it (12) may be picked up separately 
or may not be picked up by feeding a signal to the 
microcomputer 20 by means of the switch 30. The 
mesh 10 may be formed on a wafer using the 
semiconductor patterning technique. As an alter- 
native to compressed air, another type of gas may 
be blown through the capillary 33. While in the 
above embodiment the liquid component of the 
solution 13 is drained by tilting the transparent 
container 3 as shown in Fig. 4, alternatively, the 
solution 13 may be drained by sucking it through 
the capillary 33. 
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Claims 

1. A selecting device for cells and the like, com - 
prising a support member (10, 10', 10") ca- 
pable of arranging the cells and the tike (12) 
thereon in a single layer, means (25, 26) for 
detecting each position of the cells and the like 
(12) with respect to the support member (10, 
10\ 10"), each position of the cells and the like 
with respect to the support member (10, 10\ 
10") being determined by two dimensional 
coordinates, means (15) for detecting each 
optica! property of the cells and the like (12) 
arranged on the support member (10, 10', 
10"), a memory device (21) for storing data 
corresponding to the positions and the optical 
properties of the cells and the like (12), a 
pickup member (33) capable of picking up 
each of the cells and the like (12) arranged on 
the support member (10. 10*. 10") via an ad- 
hesive (40), a driving means (34, 37, 38) for 
moving the pickup member (33) relatively in 
the three dimensional directions with respect to 
the support member (10, 10\ 10"), a control 
device (20) for controlling the driving device 
(34, 37, 38) in accordance with said stored 
data so that the pickup member (33) can pick 
up any of the cells and the like (12) which has 
a specific optical property, and means for re - 
leasing each of the specific cells and the like 
(12) which adheres to the pickup member (33) 
from the pickup member (33). 

2. The selecting device according to claim 1, 
wherein each of the cells and the like (12) is 
cells clumped like a granule. 

3. The selecting device according to claim 1, 
wherein each of the cells and the like (12) is 
microorganisms clumped like a granule. 

4. The selecting device according to claim 1, 
wherein each of the cells and the like (12) is a 
gel bead. 

5. The selecting device according to claim 1, 
wherein the support member (1 0) is a mesh. 

6. The selecting device according to claim 1, 
wherein the support member (10') is a struc- 
ture having plural grooves (10a f ). 

7. The selecting device according to claim 1, 
wherein the support member (10") is a struc- 
ture having plural dimples (10a"). 

8. The selecting device according to claim 1. 
wherein the pickup member (33) is a capillary 
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